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mm^] mmm 

m^m2] mmm^m^'^. Co, W, Fe, Cr, Mn, Cu 
, Zn, Mo. Pd. Sn, Re, Al, Zr, B, T i (D^i)-^^mm^n^ 1 

^^Mli, Ti, Zr, Hf, V, Nb, Mo, Ta, W, Al, B(De)^> 1 

im^m 6 ] mm^¥mn<DmmmK c o o . o o a ~ o . i o w t . %^ 

f£^Z. h -SS*^ 1 ~ 6 (Z)V^"rtlAHCfS^(D^^^fH#^'^ffl*^■. 

xmm h mM±<D^^^^mis^^m •^tx.xrj.^z.n^^mi't^ m%^mmWo 

[m^aa] mmm^mm.ti^. Co, W, Pe, v. Cr, Mn, Cu 



1 



000-3051959 



i|t3(tl 1-1 53 105 
, zn, MO. Pd. Sn. Re- ^ ' " ^^^.^Sit^^aii^* 

, sSMlt. Ti. zr. H£. V ^ ^ ^^gti,i-SlS#«88a« 

8-^-;^;^ ^^^^ 



003-0. 10""^- 



# ^ 1 ] — ] 5 3 1 0 S 



[0 0 0 2] 
[0 0 0 3] 

[0 0 04] 

l^5 3±{CCr, C r-^^?5;if(Z)^M*^e>^-&T:%M5 4 -e®±{C, 
C o C r T a^^fe^V^^iC o C r T a P t ^^if(Z)^ffim5 5 T^;I/7t:^ 
r^-^J^XTJ-^MI^S 6 ?:?^^b^c^^f2^^#:5 0 y^)'^jA<^^tlTV^§„ r rT' 
, ^MOT:*M5 4 C7)J¥$li. 1 0 — 5 0 nm{C$tl-5^^%{C, 

5 5(Z)j?${±M;i{S 1 0~30nmh$4x, -^MJ^ 5 6 (Z)j?$ 1 0 — 3 

Onm^$tlTV^^o JltC T^i^ 5 4 til^ttJK 5 5 ODM^BBrSJ-ffi $:^X.T^:^ 

[0 0 0 5] 
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1 ] - 1 5 3 1 0 5 

i:36T% jz^mmmme s^n i 2# (199 6^, 1 2^fij^f) ^c^v^T. . 
mmm 't7;i'hv^u->^n-fexi: mmmmmmi^ tvx mm $ n x v n -2, 

*#§0.9#<Z)5TS^g$§^tcj;ti«, C o N i C r-a-^cO^ttMXfetilS, 
M6lJ^^:^61j^i^i3 (H c) T'3 0 0 0 Oe^M, C o N i T a-^^OD^'tt 

^^^f ^C•tS3i:*'^X^^V^;&^(Z)Sffi:^^^, C o N i c r -^^<z)^^ttm^cfev^ 
T 1 2 0 0 Oem.m(D^mtJ. C o N i T a-^^<Z)?i^'|£MJC^3V\T 1 8 0 0 O 

izumit-^n. ^m^m^m'i&(Dnmc.0^^<Dnnm^^^^'i±x^mmm^n 
fi'^tit'^titz.m'Mx^^iim^ibn^. i^^xmm(Dm^^<Dm,m^\ztb-ox\-i. 

[0 0 0 6] 

^(D^m.:fsmxn^t\t=.^(Dm(Dm^m:(Dmm'm^^nW.(Dm.m%. M^-D^t^^^ 
^vNh t%ic. s/'^it(D^-r^miWiU.\zii^mm(Dm^t.\^^f=.mm^m\^x 

[0 0 0 7] 

&.±(D ^ O tj^m^lZ^^. 2|5;#gH^#«, J:5M#JS> 1168^, (199 
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4f 5j2 ] 1-15 3 10 



9^, 2n) ^cfev^T, -mmmmmmmimmi^(D!^mt.mLx. m^i&^(Dc 

6 4 4 #|g¥9 - 1 3 8 9 3 4 #7^; if {C ^ V^T, mttiKt^)^^^!^ 1 0 

ii7;b >; ->^nirX (ultra clean Process) t\t. ^.B^O^mMM^ 

;S$:t^e5f5®— ®6^?&:^A>y ^^fi(7) 1X1 0 "'^Torr l//<;L/*^ P, 3 X 1 O'^orr U 

?:JiS®]^M^A r U ^ 2Mj^pf£\^ 1 p p b L/^;i/{C'(SMt-<5 3 

JgffltCiU, C o N i C r-^^®?^ttl^lCfeVNT^^6^^^?^;^7T' 2 0 0 0 O 
e®M, C o C r T a^^CD^ttJ^^C^V^T^^61J^^^^;^7T' 2 3 0 0 Oe® 
§[^ffi-r 3 ^ J: e» lC;^o T v^§o 

[0 0 0 8] 
[#6BB;^)'^S?aft b J: i: -£> ^S] 

^^\^ m-t ^ ttf^x ^ ^ ^ z> iztj:-ox ^x ^tiK mummmm^^^ji^'mm 

[0 0 0 9] 

^^mit. m-\i.mi)m^^ti^^^mmmmi^mmmi^i5\^^x, m^t^^ 
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[0 0 10] 

:^^mii. mMi^m^&m^K Co, W, Fe, V, Cr, Mn, Cu, Zn 
, Mo, Pd, Sn, Re, Al, Zr, B, T i (DtpHj-^ibMIR-^tl^ 

it2m&.±^^m-t^^¥m^(Dmmmxmm'^nxfjt^^t:^9^miit^o 
^mmit, mm^'\i<DmmmtiK n i-p-c om^^mm. Ni-Ta-co 

[001 1 ] 

it. Ti, Zr, Hf, V, Nb, Mo, Ta, W, Al, BC^^)"^, iM^fe 

^t2mi^^±<DftmiJ^^^J^^) x^^ti^:iii^nmi'r^o 

35C:2|s:^0^{C^VNT, tfjlS^N?§^'f4 c^MMMlC C o*^0. 003 — 0. lOwt. 
%^^^tlXfj:^Z.t.^nW^il-t^^(DX^m\^o 
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] 1 - 1 5 3 ] 0 



[0 0 12] 

[0013] 
[0014] 

[0 0 15] 

:*:^0^{CfeV^Ttt^fa#^'f4»«A^ Co, W, Fe, V, Cr, Mn, Cu, 
Zn, Mo, Pd, Sn, Re, Al, Zr, B, T i (Drpfj^^MIH^ti^ lU 

^mmit. fffSHc o ^^^^ ^^mn(Dmmm<7^mm^i5^izmmt)'^m^mizm 
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2 1-15 3 10 5 

e) ti ^ i: #^ ^ 1- ^ „ 

mm^m^(D^mmzc o tt^ 0 . 0 o s-o. i owt .%^m^nxrj^^zt 

[0 0 16] 

-P-Co^, Ni-Ta-Co^, */c{i, N i -T i -C o^(Z)#^K®JlT'$)^ 

i. Zr, Hf, V. Nb, Mo, Ta, W, Al, BO^)^, 1^*^1*2^ 
[0 0 17] 

[0 0 18] 

<z)miz^tt:nM't^\^y±i!b.^.^^tixt£^. M{c, mm^m^(Dmmmizc o 

;()^0. 003-^0.1 Owt .%-^^t$tlT^-g>r t*'^'^^ bV^c 
[0 0 19] 

*?§H^®?^^fB^^^ii, m^t. mmmn. rmmt. m^mt. umm^ 
^mu^nm(D2m^m^^n%(Dmi^^m^m^Bm.^mLt£\.^m^m\,t. m 



2000-3051959 



#^ 1 ] - 1 5 3 ] 0 



[0 0 2 0] 
[0 0 2 1 ] 

mm^^ 3 X 1 o~^iorr&,r(Dm&nmM.tL i^tcwzy^^^ i p p bi^xruh 
r^mmwA r ^^.^mALx k^-t :ii^y^>y§:ifeb, 'e(D^mm±iz i x i o 

1 X 1 0 ~^iorr i^j^-f (D iz ^ J: o izmmm A i^xmmmm-t^tnmmmm 
izmmt>mmmzm.m^tixmm:fy^^^-t^'^-^ ht^^^^^n^i^^^^n^. 

m^'p^j^<x^^(Dx. ^j^xitv t=.m,m^^n^ ^hi>^x^^. 

[0 0 2 2] 

ummw(DW^i3mziQ\^x. wmmmmt.i^xco^^m't^^cD^m^^. m 
t&mwL±(7^wmm±.izy^m^mm.-t ^\z^\^. m.m^-^^ x i o"%orr^:^T® 
WL&mm%t.hf^mzii^^^ i p p h&,T}ii.fcmmwA vis^^mAx^x 

r\zrj:^xo\z mm ^ mA u x nmrnmrn iz mm ^ ® « $ i±> ^ ® ^ rmm ^ 
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#^ 1 ] - 1 5 3 1 0 5 



[0 0 2 3] 

^fgBBii, msmmmtLx. ^ i-p-c om¥^Mm. Ni-Ta-co^#N 

[0 0 2 4] 

> ^ zL T^T ^ -5 3 ;^)^^gF ^ L v>„ 

trflBMMMtC'^^^it^C o 5:0. 003-0. lOwt .%®^H 

i& $ -ti: ^ ^m^m i: ^ Ail b T -5 r ^ $: #^ i: -r ^ , 

[0 0 2 5] 
[?60^CD^ife<Z)?^ffi] 

EI 1 it:$i^miZ'^^mmmmi^^:2yt^=L-^(DHDD o\- ft'^' x^^) 
•ism (^^§H^«) B 5 tumme 6 t:^mmLxt£^mi^ii^tix\>^a. 

HDD(Z)ajSfl|jtT'^S<Z)l:\ »=K 6 2 il^SJKe 6 (Z) T^lCftfi® cfiraji 
[0 0 2 6] 

:^mmMm(Dmmmmi^ s o e i cd^mh e 3 ±iz±mo)Tmm e 



aisiE# 2000-305195 



] ] - 1 5 3 1 0 



4 ^iiYLx^m^^moym'iimG ^timm^nx^^^m^M^mmmzn^^x. n 

^fz|s61;{Cii, Co, W, Fe, V, Cr, Mn, Cu, Zn, Mo, Pd, 
Sn, Re, Al, Zr, B, T i (Dr^i)^ ^Mlfi^n^ I Mtt^it 2m&.±^^ 

[0 0 2 7] 
[0 0 2 8] 

mi$^6 i(Dmmiz.mnram^<DmmmQ Sit. wuxm^t^r. mm'\i^m 

'f^i^^tlfcN i - P(Z)#N^^^iK, Ni-Tam, $>SV^ttN i-T iMTbW^ L 

w t .%je^T®#J-^T', J: U^f ^ b < ttO . 0 0 3-^0 . 0 3 w t .%CD$gH, 
^tL<liO. 003 — 0. 02wt .%(Z)^HT'^;(fn-t-5^i:*W* 

rtie>(Z)t|JT't)N i-PCD#B^g»|^tt, ffi?a-eMUlC<<, #«'f4$:^L 

, mmmii^jitfti^L'p-t^^^m, mmr£mm^m^^^x\^^^uniii^x}t^<m 

V^pJtlTV^^®T', N i - P ® ^N^S^^fe V^ {i^ ©^H^S^Mlcm^*® C 
0 7&t'(Z)>^iD^^$:^;(inl.T;^^#^H^K^m^MV>-g,c:^;{jW^ bVN„ 
[0 0 2 9] 
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1 1 - 1 5 3 ] 0 5 




[0 0 3 0] 

b^'^^MJS J:rJ«JSl&f (Contact Start Stop, CSSt^-t^) J:z)iZf^-oX 

® IS* l^lJi -r ^ -5 o 

[0 0 3 1 ] 

5=- > y J: -5 IH OMO^^ ^ ;^ 5=- - ^ if L ^ ^ n T ^ -5 (Z) T r 

$11 ffl -r ^ ^ 5^ ^ ^ - # -r « ^ -r -5 ^ i: ^ ^ ^ o 

[0 0 3 2] 



1 3 



miE#2 000-3051959 



1 ] - ] 5 3 ] 0 

^ti^m\f^n^. ^±}i-t^m^\t. m:^it. mo, w, Ti, v, Nb, xa 

Ti-a-^, C rV^±^t>mm-^n. -^©^$1*2 . 5-5 0 nm^^H^Stl 

® Mb^^^R t- :i i: & S . 

^fe, LT;«f^^»«$:MVA-£,^^{C, N i -A 1 i/- KS$:^MT% 

M J£ T { c |g l-j- T t) ^ V N „ 
[0 0 3 3] 

[0 0 3 4] 

**6 3a (01 (b) tf^'t(D±izm^^n^rmm6 4 0m^nmzm. 

(b) {C^-rj:e){CT:*M6 4 Ir^figl" €)MH^!f5z 6 4 a <Z)^# 6 4 b 
^ L < ti$fe©lM^.^>6 3 a iZ—m^tlX^^^mi^-^'^ 1 = 
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11-15 3 10 5 

[0 0 3 5] 

mm-t^o se-oTiai (b) iz^-tJ:oizmmmiz{trmm6 4(D'^^am.6 4 a 

■t^m^mnG A a^-m^^-t^O^V. Ml (b) iZ^-t J: Z> ^^JiMm^ fj^mmi)^ 

±xxitf£\^-/)K mi (b) iz^-tmmtimnm^ji'E^jv(D-mm^r^^. 

3 a ^mxxm^Bm^x^xt(^^^^xm^nm.^iimv\'^nx'^^Bm<D 

^^3, Bii (b) {cfevNTti, mm^mMjt.'t^tc.mz^ mBi'&Q a aomm 

®)fez#6 4 b<Z)l^li$:3gl5<^||V^fe:0^, ^l^c7)IMT'li^^!fez6 4 a(DMffltCM^^5z 
[0 0 3 6] 

:^nmmmxm^^ht\.^mmmM'^±ma^mm^G sit, ^©s^^^^fa^^ 

LTj2;<^^tlT V^^, CoCrTam, C o C r T a P t ^, 
CoCrNi^, CoNiCrTaP t ^tj^E(D^m.^^mm^ti^^^^^^Oyif^ 
fflV^^tl. ^ L<{tlO~30 nm©^Hi:$tL-g)o 

C Oj^C TyG e^T^^tl, i^Mirb^r^-Tx, y. z jb^, 78^x^87, 2.5 
^y^l4.5, 3.5^z^l5, x + y+z = 100 (t^t^L. x, y. zli 

T'^So 3® 3 7nm3^^'f4^^^ttlK^i:^i:#§0^#;i-^#M¥l 1 - 1 3 5 0 3 8# 
#fF (1 9 9 9^5^ 1 4 HmM) tC V^T^i^ L ^^MiN-T'fe U . t^^^RMf^lCli 
m ti ^ V N-ffi ti ;t ^^#'[4 S: ^ -5 1. (Z) ^ -g> o 
[0 0 3 7] 



1 5 
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[0 0 3 8] 

^Di?=iA;i/ h ^muLr^:^ ^m^m^^xmu±izN i c o p :k v^^mLxm 
m±izco ^m^A-^m-t^N i-P(Dmmm^m^L. 2 5 o-cmmiz 
MmLxm^<D:^':^ik^^n^^ommm^mLxmmmH^(Dmm^n^o 

z:^:T-Mv^^^ y ^?gtp(Z)C o^M5: ao — iooopp mcD^Hiciigpf s 

r ^T'N i -P<Z)|^§|5{C-^;t CoM$:0.003~0.1 Owt .%(Z)^HIC 

^^tCii^-t^3i:7b^T'$-5o C o<Dpl ^miCl 0 p p in(©C o 5:^ 

m-t^ziix 0 , 0 0 1 w t .%(Dmti^^hn. ^ ^y^mizs 0 p pm®c o 

iJD-t^^tX 0 . 0 0 3 w t )^ ^y^^lZ 1 0 0 p p m<DC o & 

i:T'0 . 0 4 w t .%®J^*^#^tl, ^^y^miC2 0 0 p pmOOCoS: 
^SD-t<5:i^T'0 . 0 8wt .%(Dmt/^n^n. :^y^miZ3 0 0 p pnKDCo 
'^■m-t^Z.tXO . 1 3 w t ^ ^)/^?!SfC 1 0 0 0 p p m(DC o 

$:^.ilPf -S^tT^O .4 Owt .%(Dm^^^^n^o 

■r r ^ {c J: o T ^mtir^^M.$mmi^^m^ z.t.t{^x^^(Dx. ^(D%^-fjm\z 

[0 0 3 9] 
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40^X'$>^o 

[0 0 4 0] 

ifcmmTorr, 2 mTorrtC:^^ J; e) {C^JS^tC]g^t^>ft; A r iSy^ 

2 0 ow<Diii:hxn^o :it.i^^X^a. 

[0 0 4 1 ] 

ZZ.X^ff^0 7.Av^:i:v^yirit^ mMM^mi X l 0 ~'^Torr@M®fi^M^ 
^f^e):^>'^°^y ^:I:-;^>^^l^j:SI5^'^V^;0'?M^-5= MMM^^l X l 0~'^Torr® 

^® ii: tc $ ti r L t e) o 

[0 0 4 2] 

'fb^^riit^, :^^m^^'^9cizmmmmm6 5#iii 2-^1^1 2 i sk-hi 2 

2 8M ( 1 9 9 6^ 1 2^fljif?) ^C^V^T$g§LTV^-&. ZltltC^L, ^feJClJiP^ 

mmn^ms X 1 o~^Torrmmi^j.r<DmM^izmmLr^^. ^fmrnm 
^izmAi^.:^j'^y^:r.y^y^-:^mLxmm.mmm<Dmmt^n^£o^tLxmi 
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[0 0 4 3 ] 

: Langmuirs) OD®H, 0* L < 0 . 1 L ~ 3 . 5 L J^^TSS -^S „ 
3 ZlT-MX-lf lLi:lilX10 "^Torr-e 1 #T^*St-'& 1X10 ""^Torr-e 
1 0 m^mm-t^ Z. t. ^MM^. 3.5Li:iilXlO ~horrX 3 . 5 ^ra^St* 
-g>;^\ 1X1 0"'^TorrT'3 5 #^#^1- ^ ^ ^ ^^>*"r -5 = 
[0 0 4 4] 

^^hii^x^^. z-z-xwiumzc o^^m-^-^x^^^n. c o }Lm.m\ri^^^ 
i>m<cou^is^^^-r^u^\zmmii^m.m-^n^\^^(Dx. mm.mz.\is,c o 

^tSitTVN^^ilTbW^ bv^. ^J3, C o {Cf^;iTC o i:tBf^(C^^^I^3Fa;^j® 

LTfflV\Pjtl-g>N i ^-a-^®N i -P =Sr?St??^fife-r€>#-^{C, N i 

lufHC o ©r^KlC. Fe, W, V, Cr, Mn. Cu, Zn, Mo, Pd, Sn, 
Re, Al, Zr, B, T iCDcfJ;?)^ e^^^S 1 feli 2 SJ5^_t ^r^^t* ^ 

%\zm.m\^f=.^^x-^j^v^:!:.^y^y^^hxw.'m.m<Dmm-^%±\z.mwiti.x 

m-^^tLvm(D^mmmM^n^zt.fi^x^^. ^lt, z.<DXorj^mmmm,m 
'^m<Dmm^^v^'thm^BmM±it(Dmm.^.h Lxmrn-t^z-ms^x^^. 
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[0 0 4 5] 

r5 tl { C i5g ^ $ tl -5 ® •?? J i ^ V N o 
[0 0 4 6 ] 

^MM^^ti^i&^^m^ im^lt. 1 o'^—i o"'^To r r^®®-^) lzitmm:/3^:k 

^izi3\^x^m't^mmw-:fu±^iz^i)rmmt.m^m^mm't^. 
vr^m^i^t. mmn^mt)^! o"^~i o"'^to r r '^(Dm.m:mzxm'\tm^m^ 

mhx^^^\ r£i3. mm(Dz.iif£ti^^. ^mmm^ttmmLx\>^^mm^':^u 

-feXtC J: U±MLJt 3 ft3^(DC oCr G e ^±<Dm^m^B^LX ^^\f\(D\t^ 

mx&^. 

[0 0 4 7] 



1 9 



ffiliE4t 2000-3051959 



] ] - ] 5 3 ] 0 



[0 0 4 8] 
[0 0 4 9] 

m^cDmmm-^. Ra) 

R a LTli, RANKTAYLORHOBSON t±$^ TALYSTEP ( ^ U X 

V^^it^C Biff's i^:^^*^^/?)® T% R a LV^o t^^oT, 



miiE# 2000-3051959 



itvF^ 1 ] - I 5 3 1 0 5 



[0 0 5 0] 

mK.lt. m^^^y ]^<DW^±mti^. 2 4 inchcD^-^tt, R a = 6 n m~ 8 n m 

M^LTA ia^±{cN i-pm^mi'fr^mm(Dm^iz^^ ^^^-t:mnt-± 

TR a 1 . 5 n m^^TJC ^ T^^SMt"^ 3 ^ $ tlT ^ U > 
MbfeNi-P/Al a=KT'®R a$:0.5~0.7nin^-rez:ht;T^-2)„ 
[0 0 5 1] 

^nmizisi^^mmzm-fr^ :^^^mmhivxit. mxit. mm^^j^mmic 

^ jA-^^mi^o^m^it. mm^tjimmiz^:s>:^mt>'^mm^nx\^So 

mK.it. r)vs.—^2^'^^mi^<Dmmizmnt=. (ni-p) micmlt, mm 
m(Dmnt>'^^miz^mLx&^^-:f^. mm-t^mi^mmiz^L-Di-f^^tiz 
<j:u, m^\L^^^^izw^f£^x^fi-^'t^:^mfp^^. z.(D:^mxit. mwimoym 
u^. •y^--:fi}^^mm^-^xm^^^m^^^^o 

!^^^m^ti^i^m:^m^m:sLum-tmtB.\.^. 

[0 0 5 2] 

pj.±(D:^mxm'^nr=.mmmmmt. ri^me^^m^-t^crmtf^ (20 

0) SHI&IL, ^<D±lzm^m6 5*^xti°^^i/-v;i/fig;^L,T (110) SBfojL^ 



2 1 
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] ] - ] 5 3 ] 0 



[0 0 5 3] 

;i/7 3 {c^^ii$tlT|g^■t^nTv^^o ^t=.. >^-i/>^*7 1 tciiffffHxif > F;i/ 
7 3cD$if[^i-t;6^^t:t^ti^i:^=b{c, ^-t/y^'i 1 ©^SPiciiMfH^ tf > F;i/ 

3 coMimu ^cIlI*KS:Si:$tlTv^s<. 

[0 0 5 4] 

-hsi 8> ^ifrhxm%^v F7 9 ;b^^^;#^te>tlTv^§. 

[0 0 5 5] 

^^^^y F7 9 li, ^MM^^^^^y F, feev>«M I GM®?^^/\^y F, ^ 7t 
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ft¥ 1 1 — 1 5 3 ] 0 5 



^ >r ^*:^)^ n - KT - A 7 8 (D%nnm\zw\-^ ^bntcvy /-^vi/amtc j: o t ^n.^ 

^*$tlTV^^„ K 7 9 ti^-0^*T-i^ 7 7(7)^ill^l^=fefC^^gB^^ 

[0 0 5 6] 

±iH^^©^^iB#iS® 7 0 tcfcvAT, m%ummi^Q o $:lil^$-i±-g>i:i:=fo 

IC, X-f >yT-A7 7 $:^gfr$-ti:T?^^^^V K7 9 ^l^^fB^^^^fc 6 0±(Z)'e 

%mmm) 6 b\zm%^v K7 9cz)i6^$-frfc?^i^$:f^«$-&^^^T'?M^fa^ 

^M'Wi-^-^XM%^V K7 9^a^fB#^#:6 0 _t®tt^®^MJC#i&$1±T1^ 

V F7 9T^mi-^^i:T'?^^'»#<D^m$:^f'&e)^^;6'J-e^-5 = 
[0 0 5 7] 

?^^fB^M) 6 5*^'$fe{cm0>gbfe^<M^^H^)K7b^e3«^$tlTffitl^c^^^# 
IB#^«7 0(D|^SI$*'J^-^ 7 4®^$:SltT, 1 0 0 °C $:^^€>1« V^ 

t)> 5^^'{i^Mi^'ftm 6 5(Z)^^fB^S^#'l4^c^Mfc^^)^l:^v^fB#S^#•^4(Z) 
#ti;t^^fB^^S7 0 

[0 0 5 8] 



2 3 



ffifiE# 2000-3051959 



4t¥ 3 3 - ] 5 3 10 ^ 



[0 0 5 9] 

M f c PS ^ $ ti -g> ^ (Z) -e V ^ o 

3 . 5-r >^^©T;i/^-':7Aig(D««$:HJifl|, x^yf^>^, Vy-T-h^m 
Lt^mz. Wm.(D:^ y^m mSh^ ^ ^^MN 1-4 2 2 (9 A) ) IC 

^^3A;i/ h $:»b7^^ =¥?g?:fflVNTS'K-h{Cj?$ 1 2 nm®N i C o 
^^J6LTfeaj^$:?^J5feLfe„ ^ ^y ^?Kcfj(DC o 3 0 - 1 0 0 

0 p p m0mmx-mm-t^z.tx^. mmm^<DComm^o . o o 3 w t .%~o 

. 1 0 w t .%(Z)^H(Cii«pb;to C o $:^;(;IILTV^^V^^ ^y df|R$:flgv^T 

T;b^-r>A$^®S«±lCN i-P^ ^y=\r 5:56 bN i -P 

fee 

r=.mmm^mmvxmmm-^R a bAiz-moovxm^mmmiiiimcDm^^m^i 

[0 0 6 0] 

mhtcLT^Ay ^mm (Bmr:^jvAmi lc 3 0 1 3 : x 1 o~^to 

rrJt^T) ?:fflV^T$^^^Lfeo mmm(D>^Uii:^^'::^lzltmmmmAriS7s (Hg 
O^ig: 1 p p bJ:^T®'i7;i/h^^ U->A r^*^) $:MV^feo 
[0 0 6 1 ] 

J^-f(Z)|li^{C^V^TMV^fea^tt, N i - P ^ $: ^ ^y 1 5 0 °C x 1 h r 

ppm, lOOppm, 3 0 0 p p m^;(jDLfeN i -P-C o 5:^ «y 2 50 

°cx 1 h r (Dm^mv^n^r^mw.x&^x. mmmmmo:)mu£&^(Dtf4:m 



ffiiiE# 2000-3051959 



#^ 11-15 3 10 5 



^MtttulC, N i -PlIi&^VNttN i-P-C om$:*-t'g>S=K$:i|XMb^^jl 
^^SIMK^S : 3 X 1 0~^Torr^-eM£EL, -e®^, -i^;!/ h ^ ^"J - > A r 
X^r^ALTM^M® K^-Y:n^y5^>^* ( 2 mTorr/ 2 0 0 W/ 5 #<^^f5|:T'>; 
J-^V ^X.-j^yp') 1x1 0"'^Torr(Z)MH#H^ttilC^VNT»^^ 

®$:^^T'0~2 5 OfJ^mmML. JStCC r T^i^ (Ji^^ 5 n m) . C o N i 
.5^ ^ 15'^ ^3.5^ ^S^'f*^ ^ 5 2 0nm, 3 0 n m) PP^fD/"^" 

i^'ffijKtt, T:^I^J?/^'[4Mj?= 2 0/2 0 nm, M/WTX = -10 0V® 
^f4^TlC^VNT, '^a;^= 3 . 3 kO e $:|gW-t-&,W<Z)^'[4MT^^-g> = 
[0 0 6 2] 

mi^Lt^m%nmmmt. m^n'\^^ysM mm^mmmijm , squi 
Di^mtticj: uMb, mmmm^xmmmmm (xrd) . mmm^mum ( 

TEM) {Ci;UML, ^^sH^^^4ttt^-r > ^'^^ 5^^" R (I^^ISm?*:^ 
[0 0 6 3] 

04 tC, ':7;i/h^^ V -y^UiE^ (UC -Process : 3 X 1 0 - 9&.-f(Dm 

y^'^mL^mmm^^mmtLt^mz^'m-t^'yu-^T.) co^mmmz 
i^-Dm^mmm<^t, ri^mo)mmw.miz}^^^:iL-j^y'!f^n-or^m. mmm 

^tlfCJ:U^mLfc¥i^5t?^'ffiMrB!fiz^ (G. D. ) ^mto 

L> ILttlxlO ""^TorrT' 1 0 fp(DmM> 3.5L«lxl0 ""^Torr-e 3 
5 lOLlilxlO ""^TorrT- 10 0 fJ?(DmM. 25Llilxl0 ~'^To 

rrT' 2 5 0#®«SJC^B^f -So ^fe, lL^C■OV^T, 1 x 1 0 "^TorrT- 1 #® 



2 5 
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¥ ] 1-15 3 10 



mnV^ 1 X 1 0"'Torr-ei 0 t ^-g> 7b\ l#®*MT'tt 

mmmv Itl X 1 0 "'^TorrT' 1 0-2 5 0 #r^^f O «»^f4^ $:lL~25Li: 
[0 0 6 4] 

•fS^^ifezSG.D.jOU 0 . 8 nm7b^& 9. 9 n m, 9 . 3 n m^^^g^LT 3 
[0 0 6 5] 

0 L7!)^^ 2 5 L ^ T-^^fc^-frfc ^©^^ttl^CZ) 
X?^tlI#fA^->$:^t-o r^T', T^CrMfftt, 5nm, CoNiCrTa 
P t ©S'filKJPtt 3 0 nxa-^hhtco 

m^\zm-t'i^^tf^^. mmmnm. mmm.mm iz^ioh-r. v^■r4^«)^^^ta 
mmii^(DM^m\zi5\^x^. m^u\^^^-t (i i o) ®;^)^e>(Z)5^v^llI#ftf-^ 

[0 0 6 6] 

ttm©MB%!lSg$: 1 0 . 8 nm ^^^^j, 9 . 3 n m 3 

.5L) \zwpx^r=.t.\^^z.ii\t. mi 4.%(D^^^Bm.mit\zm.^hr=.z.}ix 

[0 0 6 7] 
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11-15 3 10 5 



mete. UC -Process $:MV^T#i§L^, ^^ttm©aJf (C r 

/C o N i ^2.5C r ^^T ag t g^fe^^M^Jt) ®?^^ga^^^^{C t^t ^ 3 0 
OK, 5KX'<DUmiJ(Dm^mm^^^^^-ro C r®T^lgJ?fi5 n 

[0 0 6 8] 
[0 0 6 9] 

0 7 (cue - Process $:MVNT^^*S*0 LlCT#igL7tC r/C o N i 

1 6 nm^mK.^n^(Dm^Bnt 1 8 nm$:®;i^:^#®^H^)|5^*^ 1 0 iS[M#^E 
L, 2 0, 2 2, 2 4 nm^m^^mmcDmm^ i^^t ^ il^i^'^^B'^%(D 2 
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# ^ 1 ] - 1 5 3 1 0 



0 9 fc^^«S4 0 L i: 1 . 5 L 3 . 5 L(DU.m^^i1^^^^^n(D^^ 

[0 0 7 0] 

/c oN i ^2.5c r 15T ag gP t ^fj:^mmmm(Dm^tmmmz:i5\f 

01 0^c^-rv^-f4^®mJp:®^^^sB^^^^c^v^Tt, 

K9'Y:n>y^>^$:jet->&e5«, 0 L~2 5 L(Z)V\'rtlO^^*M 

fi 6 ti S 3 il A'^l^flP;^ L „ 
[0 0 7 1 ] 

01 lie, mi ox^Lr=.u^i:<Dmmm.mA^^^^. *m»ol;^)>6 5l 

©raT'fi£;^^^L, ti^'Dm^mmi}^ 1 Snm, 20nni. 30 n mO^a^fH^ 

1 5 nm(DmM.mmmmzis\^^x\>t. mmmmn .0L<Du.mtumtJif^ 
m±vr:i^(D(D. mmmmMi . 5 Lm-^^^mmmmMij^miJu-tsiz^nx'^ 

, m^x^Lt^jioiz. m,^m(DM^m\^mzi,tmmf}^^£^^ii^^^:itti'^tiim 
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[0 0 7 2] 

m 1 2 iz^ m^mmtt^ 1 5 n 3 o nm(Dm^mmmi^(D. sk, so ok 
X'CDumijo^mmmmA (mmm.mm) ^w^^^-to mmmmms .^LcDm 

mitiz^^mm^i(Dmmx&^t.^:^^z.iii!j^x^^. 

[0 0 7 3] 

01 3 tC, C r/C oN i 12.5C r ag^P t g^^^M^il^jf^jt^T^I 

mi:^^'l4j^$:^t-^^^^fa^^^^is® 1 6 0 k fc i ®?«fa^sB;Kicfei-j-^M-^*f 

MbXm^o 

^^X. mm^M'^omWi. T:^C r^J^^: 5 nm, S^'ffim 5: 1 5 n m i: L 

013 c^-tc 

mi sizm-tu^-fy^'^. mmm^^mmxmm-t^z.i:nz^i}. M^mm^nn. 
4 Lfij5:xit^m']i^mn(Dnm^s.i^mi}^iz^<fjt^m\^iz;&^^<D(D. 
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[0 0 7 4] . 

m 1 4 itmmmm^mm^<D i e o h f c i (DWimmmmiz^^^-f^mmmi^ 
mmmi^ y -f x{c ^ T \tmmmM l rj^\>^M.mizM l x mmmmm s l * t 

[0 0 7 5] 

mmmA^ i . s L-^t.v. mwi(Dmm^. n i-p;< i 5 o°cx i h r 

%, 0.0 4wt.%, 0 . 1 3 w t .%^j{lDbfeN i -P 5:^ :^r^2 5 0°C X 1 
h r(Z);^^^b$:^?ofe, ft4 ^ti^ 

. D. ) ^^n^en^-t. :1ZX. C r (DTmrnim^ nm. CoNiCrTa 
P t 1 5 n m-:^T'feSc 

[0 0 7 6] 

01 5 iiHi 6}^)^^, c . 8 

nm-fy^ih. 9.6nin, 8 . 8 n m, 8 . 6 n i:{gM bT V^-5 Zl i: *'?*D*^So 
[0 0 7 7] 

t^OXmrnm^-^^-y^B-t. r^T% C r <DT mmi^lt 5 nm^ CoNIC 
r T a P t m^mmit 1 5 n m—^X'$>^o 



2000-3051959 



4f ¥ 11-15 3 10 5 



-etlJe^^®lEI^t:°-^^iliafI$tlTv^7Scv^„ ^©^ii^^ej, ^ladg^LTt 

[0 0 7 8] 

J^^Jl®r^*^e), ^J^lttrfCm^M<Z) K^-<In^y5^>y^^f ofe^. 
[0 0 7 9] 

01 8 (cue - Process^ m^'^xmmmmM 1 . 5 l, c o-^mMocD^mzx 

f^MLTtC r /C o N i ^2.5C r ag t gJ^-S^M^iglC 
Sti^tt^^ilSS^MiltrJi^^Sr^L, Ell 9 CgE^«®»3 . 5 L, Co^mAO. 

Bii 8^01 9 ^i:mvxmi^f)^rjt^oiz. nmmizc o ^mMLt^nniz^) 

^m^'^^m1&^(DU^mnmti^<P^£<^^^X^^^. W^^)KS®2M$:® 
;^S5|fi;^5^?^'ffi^0^:|S (¥±&^H^!i5z# 8 . 8 ©2^® l 7 . 6 n m, mm-t^ii. 
019 {CfeV^T 1 8 n ni^^±<Z)!jS@CD^^!|5z) ^i#^EL^V^„ 

r (D J: tc C o ^^BfC J: U , ffi:^<b L r^^m^^^l&^^i^^tjt < T- ^ -5 i: V> e) ^ 

02 0 (C^^^Sa^: 1 . 5 L-^^ LT, Co'^ilD4$:0, 0.0 0 3 
wt.%, 0.0 4wt.%, 0 . 1 3 w t Lfe#MMlCj3lt'53t?^tt^^5|S 

[0 0 8 0] 

02 1 ic. N i -P-c o (DmmB^^-t^^^mm(Dy^jiv ^:r.^:^^y-if^^y 

^tcw.^. ti^-D. c r o)rmm^^m-t^m.mc.. ^co^m (o, o.oo 



3 1 



miiE4t 2000-3051959 
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3wt.%, o.o4wt.%, o.i3wt.%) (DW-mmmw^mrnvrnmLf:! 
, c r/c oN i 12.5C r^gT aggP t ^fji^mmtLmMmM^m-t ^m^t^m 

[0 0 8 1] 

m^tAjifmtti^M.^nfj^<, ^tlS^^±(DC o(DmMM(Dm^ (0.0 4wt.% 
, o.i3wt.%) ^cfev^T^i, C o<Z)^;(ja*:^'^it:^t-^^, UM:h(Dm<PAt>^ 

[0 0 8 2] 

o ^:!jnfi (0, 0.003 wt.%, 0.04wt.%, 0.13wt.%) <dS^^ 
m^mMX-l 3.5L»SLfc, C r/C oN i ^2.5^ ^15^ ag 5P t 5 

0 2 2lC^f C o^^f/UMTb'^O . 0 0 3 w t .%(D^^^CfeV^T^i, c 

±0c omMA^w-^mmz:i5^^xit. mmA(Dmi^izm\ umt}tf^w.<i<^-t^ 

01 7 (DXW^-fuyy^ JVX^Ltc^^iZ. #S^®««lC i: o 
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# ^ 12-153105 



[0 0 8 3] 

-5KtulC, #C o^i;D* ( 0, 0.003wt.%, 0.04wt.%, 0.13w 
t .%) (D^mi^M^^mMX' 1 . 5 L, 3.5 LmMLfc. C r/C o N i 5 

icz:® 3 0 0 KT'®'^^;o©M'>ii, mumz ^ ^mmtzii^vitr^ < . ^m^m 

*'f0.0 4wt.%, 0 . 1 3 w t .%®^^{C^VNTli, CoMm^DOMSM, C 
o 0 . 0 0 3 w t .%(Dmmm^ V fe, li^*^C#< o^^^^MMm^® 

[0 0 8 4] 
[0 0 8 5] 

1212 4 {C> C r/CoN i 12.5C r jgT a 3 5 P t ^J&^i^MiiajS^it $r*-t 
o^;(;D* : 0 . 0 0 3 w t 0 . 0 4 w t 0 . 1 3 w t .%) izMVX^-t 
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XtL. C r<Drmmm^ 5 nm, m'\i.mm^ 1 5 nmULtc JgfC, 0 2 4 IC 
, N i-PM{CC o ^-^;t$i±TV^;^V^a«$:MV^, ®E^#M»&3.5L, 7. 

[0 0 8 6] 

fpl±L, C o»**^o . 0 4 w t .%n75:r'Mi<m<Dm^Mm^it ( 1 d BJi^_h 
©fBjJt) r®Mia^LT, 0 . 0 4 w t .%f^a£T'tt)|^K*g2fNM*^:^^ 

[0 0 8 7] 

, 1 . 5 L-3 . 5 L@M*T'®^^«S^CfeV^T, MaMlnl'ffi^^Mb^SSl^'ffiSg 

B%!fSra*ISf^M (Dmi<^B\^m^t:itf^< ^mB-'^^mn^ $: ^^Hf 1 1- ^ r i: 

[0 0 8 8] 

N i -PJ^}cM-t-5C o^iDfiTb^O . 0 0 3 w t . %I^T(^S« $:M V^-5 Zl i: tC 
•5:ii:*'5^^*^fc:^ofc= ^r=.. N i-pmizM't^Comiju&tf'^o .0 4wt . 



3 4 
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[0 0 8 9] 

mmm^t.Lx. ^r. &mmm<D^mm^^^^v^:i^^y^y'!fLr^^. mm 

1 . 5 L~3 . 5 hnmmm-t^Zt.iZ^V. ^^IBfoI'tS^iKP^ffiS^M^rii^ 
3 i:;&<, ^m^'^mn"^^ 1 0 . 8 niriTb^ej 9 . 9 nm^i:<£Mi--5 3 
Utt^V^, $^IC, N i-Pr^;b7T;^MlCCo 5:0.0 0 3 wt .%JiAT^AD 
■t^^iUCj: U, 9.8 nrnT^^e? 9 . 6 n m^i:{£i^T'$"5 3 ^Tb^C^^o ;t 

^(DmmmmM^ 3 . 5 Lmmt-t^^tiz^i). m-^Mm^^itX' 1.5-2.0 

0.0 8 wt .%Je^T(Z)^H-em^?J&ffi$:W-5 3i:;^)^T^-5(?)T% #^i'^®'0S^:d(Z) 

■t^C o^rnMt. LT 0 . 0 8 w t .%J^T> L<ttO. 003 — 0. 0 8wt 

.%®^H, LT 3 . 5 LiJ^T, ^ L < «0 . 1 L'-3 . 5 LODfgH 

^ -r S :i t a V N ti ^ „ 

[0 0 9 0] 
[0 0 9 1 ] 



0.00 lwt.%: - 9.28kg/'mni^ 

0.003wt.%: - 8.4 5kg/mm^ 

0.0 1 w t .% : - 7 . 2 7 k g/mm^ 

0.04 w t .% : - 2 . 6 4 k g/mm^ 

0.13 w t .% : + 2 . 2 7 k g/mm^ 



3 5 ffi!iE# 2000-3051959 



^5jz ] ] - 1 5 3 ] 0 ^ 



[0 0 9 2] 

-fbb, mmmo^'^^nm^mmit-r^zttf^x^^. '^-ox^^mmcDm^mmm 
tmmi^^m^:iiiti'^x^^m^ti^^^o 

[0 0 9 3] 

talHMSMi: bT^#:fl^fC, Co, W, Fe, V, Cr, Mn, Cu, Z n. 
Mo, Pd, Sn, Re, Al, Zr, B, T i © cfi;«)^ ^j^^^ 1 1* 
2aJ^^_h?:»Lfct;(D§:Mv^-g>r MJC, Ni-P-Co^, N i -T 

a-Co^, N i -T i -C o^<DV^■rtly^)^^^gM'r•5 3h*^T'^, JglC, NiC 
oPM4^SM^ (Ttfe'b, ^^M«, Ti, Zr, Hf, V, Nb, Mo, T 

a, w, Al, B(Dt>^. im^t=.it2m&s±(D^mti'(^^j^^) x^^n^mm 
T'^, ^izrM^m±izm^:^ti^m^ma)'i^mm(Dwm^t^m^:it.t)'^x^^. 

[0 0 9 4] 

t}<Dm^^^m^^^t^0m^(D^mm^mMizmt:^(Dx% mmi^±izrm^ 
j:'Dxrmm<Di^^Bmm^mm^t-t^^ti)'^x^. m^mm^^m^^'^m^t-r^ 
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#5p. 11 — 153105 



[0 0 9 5] 

m'^^m(D^^m'^^B^'^(D 2i^^m±^mi<m^n^m i^^^^^mM=.i&%^^(D 

[0 0 9 6] 

r^lC, :*:|gP^:&^lC J:4xlf, fi&J^^fe 3 x 1 0"'^TorrJ^^T<Z)MJE#H^t Lfc 
^IC;^C:$>$: 1 p p h i^XT il L t=.-^m^ A r $:#ALT K^>r cn^y ^ > yic J; 

M(Dmm^m.m-^-^^:iiiif^x^^. ^vx^(7)j:oizm.M-^'&r^mmit. t% 
^z.tti^x^^iimmzWim^r^^Bm.^^-r^m^m^m^z.iifi'^x^^. 
m-t^rj:q,it. u^Bn^WLmitLtcmnt:Lm'\$.m^m^ ^ ti}^x^ 

[0 0 9 7] 
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i^F^p 1 1 - ] 5 3 1 0 



[mi] mica) it:^mm(D^immmm(Dm^tmmi^(Dmmm. m 

[0 3] msitm2izBtmmmmmo:>^^mmm-t:$>^o 

[04] 04 \t:$i^micm^mmmmi^(Dmi(Dmmpnzi5i^^m^m 

±mmm^M. 04 cb) itmmAi .5L(Dm^<D^mmm^M. 04 (c) 

[0 5] 0 5ttUC -Process?:MV^^^i:fe^C, T^m(Z)^JKEtrflC K 
[06] 0 6 liUC - Process^MV^Tf^i^L;t, Cr/CoNi^g.S^ 

^f*:{cfci-t^ 3 0 0 K, 5 KX(D^m:b(Dm^mmi^^^^B-tmx&^. 

[0 7] 0 7 ttUC - Process$:MV^T^^«»*0 L {C Tf^ig L feUife 

M(^c r /c o N i r 15T ag 5P t ^fji^mmm'^izi5i'f ^^^m<D^m 

[0 8] 0 8 tiUC - Process $:MV AT 3 . 5 LlCTf^iS^bfe^ 
MM®C r/C o N i ^2.5C r ^^T a 3 5P t 5:^-g>«MlfitfCfel:j--5?^'f4mcO?S 
^ttMH^:fSg®Mi!t^^$:^1-0TfeS„ 

[0 9] 0 9 Jd:UC - Process$:MVNT^^«a4 0 L, 1 . 5 L, 3.5 
L iZXi'^mhr^mmm(DC r /C o N i ^g.sC r ag 5P t 5^^aM«J§{C 

[010] mi oitmwto)m::^/-^^y ^^n^tcW.^. t-^-DC r (DTmm^ 
[011] 01 ui, mi ox^Ltc^mtKDmm^mAi^^^^mmM 
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[mi 2] 01 2 li, 5 n m, 3 0 nm(Dmmm(Dmus&m 

[013] 013li, IIMMOC r/CoN i j2 5C r^gT ag 5? tg^ 

[014] 01 4 Id:, IIMMOC r /C o N i j2 5C r Eg gP t 5^ 
[015] 01 5t±2|s:|gB^{c-e^^a^ia^^#:®^2®^JgMlcfcltS^ 

015 (a) itc o^mAO(Dm^(D±mmm^m. 015 cb) lico^mA 

3 0 p p m(Z)^-^(Z)^MM^^Klr^-5>„ 

[016] 01 6it^nmiz^^mMmmmi^(Dm2(Dmmmizi5i-f:^m 

016 (a) itCo^mMl OOP p m(Z)«-a-®^M,ffi^^K, 016 (b) it 

co^m*3 OOP pm(Dm^(D±mmm^Mx$>^o 

[017] 017li, ||2C0||JgM©»«*®^®^m*M*$: 1 . 5 L 

[018] 01 SliUC -Process$:fflV^T^^«M*l . 5 L. MSi^* 
C o-^?t*0{CTf^igLfe||2(D|lifeMCDC r/C o N i 12 5^ ^ 15^ ^3 5^ 

[019] 01 9ttUC -Process^MV^T^^«S»l . 5 L, 
cf^COC o#^il 0 0 p p m{CTf^SSbycm2®||]6eM®C r/C o N i ^^,5^ 



3 9 
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ift^ 11-15 3 10 



[1112 0] 1112 0 liUC - Process$:MV^TiE^*M* 1 . 5 L, ^mm^P 
(DCo^mA. 0, 3 0, 1 0 0, 3 0 0 p pm{CT'f^$^Lfe||2<^|lifeM®C 
r/C o N i 12.5C TjgT ag 5P t5;^^aM«it(Cfei:t^1^'ffiM<^5ii^'(4^^ 

[1112 1] 02 Hi, ^2CZ)^igM®N i-P-C ol^§:;fr-5«^^®<D 

^^n^r^m.^. ti^^r^c rm^mm-t^m.wnz. #co»fi (0 

, 3 0, 100, 3 0 0 p p m) (DmWim^^mmX^MMht^. C r/C o N i 

[i2f2 2] 1112 2 », m2<Dmmmiz:i3^^xm:^A-j ^^n^r=.w.^. ib^ 
•DTmc rm^^m-t^m.miz. ^comnm (0. 30, 100, 3oopp 

T a^^^p t ^r£^mmt.mmm'^<Drmmt.^iim^m•t^mMmmmmci5^i■ 
[02 3] Ei23tt, m2(DmMmizi3\>^xmmmm(Dm^^-^y ^^n-o 
fcM, :fy^-Dri&c rm^mm-t^m.mnz. #co^ia»(o, 30, 100, 

3 0 0 ppm) ®««^ffi$:^^T' 1 . 5 L, 3.5L«Mbfe, Cr/CoNi 
12.5^ ^ 15"^ ^3.5^ ^ 5^^7lSfifei:M«5g©T^miH^'ffil^$:*t-S?g^^lH^ 

^#:tcfc{-t-5, 5K, 3 0 oKX(D^m±io)mm^o)c omMM^^^^^-tm 

[02 4] 02 4ti, m2©^MM®^^ia^^#:®l^^ta^^^tCfcl^ 
(S/N„) (C o^;tlD4 : 3 0, 1 0 0, 3 0 

Oppm) izMLx^^mx$>^. 

[02 5] 02 5ii, :^2 ©HigMOC r /C o N i j2 5C r ag 5 

j^x (N^/v) (DCo^mM^^^^^-tmx$>^. 

[02 6] 0 2 6lit«e5R®-|S6^^?^^fB^^i*(Z)-'M$:^t-^m0= 

[02 7] mz 7 {tmz 6 0)AAmiz^^ommmx&^o 
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